To examine differences by sex in the timing of identification of individuals with autism spectrum disorders (ASD), survey data were collected in the Netherlands from 2,275 males and females with autistic disorder, Asperger's syndrome and PDD-NOS. Among participants \18 years of age, females with Asperger's syndrome were identified later than males. Among participants C18 years of age, females with autistic disorder were identified later than males. In more recent years, girls with Asperger's syndrome are diagnosed later than boys, confirming earlier findings. In adults, the delayed timing of diagnosis in females with autistic disorder may be related to changing practices in diagnosis over time. Strategies for changing clinician behaviour to improve recognition of ASD in females are needed.
Introduction
Autism spectrum disorders (ASD) have a consistent male predominance ranging from 4:1 among individuals with autistic disorder to 9:1 among individuals with Asperger's disorder (Fombonne 2003; CDC 2012) . The reasons for the higher prevalence of ASD among males are unclear. It has been suggested that ASD are primarily diagnosed in girls when accompanied by cognitive impairments (Lord et al. 1982; Wing 1981) . Indeed, worse social, communicative and cognitive functioning has been found in females with ASD than in males with ASD (McLennan et al. 1993; Crick and Zahn-Waxler 2003; Carter et al. 2007; Banach et al. 2009 ). However, recent findings increasingly show that core symptoms of ASD do not differ by sex (Hartley and Sikora 2009; Horovitz et al. 2011; Mayes and Calhoun 2011; Rivet and Matson 2011a) . Parents also may expect more socially desired behaviour from girls, and pressure them more to act in more socially appropriate ways than boys. This ''interpreting bias'' among parents could mask ASD symptoms in girls (Holtmann et al. 2007 ). However, it may also lead to higher expectations of social behavior in girls, therefore causing earlier concern about their social behavior. Furthermore, while female sex may be protective against social disability, perhaps the later diagnosis of ASD reflects a later onset rather than a lack of detection in girls. The identification of ASD in girls is thus complicated by a number of factors that may lead to delayed or missed diagnoses. The current study examines sex differences in the timing of identification of ASD in males and females.
Early identification of the diagnosis is crucial for the well being of those affected with ASD. It leads to early educational interventions, which have been linked to better long-term prognoses (Lord 1995) , and it allows early treatment entry, which is associated with the best treatment outcomes, specifically during childhood (Lord 1995; Reichow 2012) . Furthermore, it enables the coordination and early streamlining of family centered care. Among the many benefits of early treatment, better communication skills and lower rates of problem behavior are particularly important, but secondary benefits also include a strong reduction of stress in parents (Baird et al. 2011) . Smaller studies, ranging from 11 to 150 females with ASD, have not shown sex differences in age of ASD diagnosis (Wiggins et al. 2006; Ouellette-Kuntz et al. 2009; Mandell et al. 2005) . This finding may result from a lack of statistical power. However, even larger studies have demonstrated inconsistent findings regarding sex differences in age of ASD diagnosis. While a study including as many as 491 females with ASD indicated a later age of diagnosis in females than males with ASD (Shattuck et al. 2009 ), two related surveys, including 3,000 girls with ASD from the USA (Fountain et al. 2011 ) and including 300 girls with ASD from Japan (Fujiwara et al. 2011) found no sex differences in the age of diagnosis. To date, sex differences in ASD diagnosis have not been studied based on large scale samples in Europe.
An additional factor related to delayed ASD identification is a higher IQ (Shattuck et al. 2009 ). Higher IQ may allow individuals with ASD to cognitively compensate for their social impairments (Klin et al. 2003) , thus decreasing their chances of being detected. However, it could also be that lower IQ individuals with ASD have more obvious delays in language and development, which causes earlier detection in this group. Indeed, in toddlers with ASD and varying cognitive abilities, girls showed a lower age of first concern than boys (Horovitz et al. 2012), while an average or above average IQ decreased the likelihood of an ASD diagnosis in girls more than in boys (Giarelli et al. 2010 ). There are no data about whether sex differences in the time of identification differ among the subtypes of autistic disorder, Asperger's syndrome and PDD-NOS. Since average or above average IQ decrease the likelihood that females will receive an ASD diagnosis, females with Asperger's syndrome may have a specific risk for late identification.
In the current study, we attempted to replicate findings regarding the delay in the identification of ASD in females in the US (Shattuck et al. 2009 ) by using data collected in the Netherlands, and extend prior findings by examining sex differences in the timing of ASD diagnosis by diagnostic subtype. We rely on a large national sample of individuals with ASD to examine specific sex differences in the timing. We hypothesized that females with ASD would receive their diagnosis at a later age than males. In addition, we hypothesized that this difference would be exacerbated among individuals with Asperger's syndrome and PDD-NOS.
Methods

Participants
The sample included 2,275 children (aged 0-18) and adults (aged 18-85) with ASD (1,843 males (81 %) and 432 females (19 %)) who returned surveys distributed to the members of the Dutch Autism Society (Nederlandse Vereniging voor Autisme, NVA; see Table 1 ). Membership of the NVA represents the general population of individuals with ASD. While we had no explicit information regarding the socio-economic status of the families that participated in the survey, all 12 provinces of the Netherlands were equally represented in the participating sample (NVA 2008; CBS 2008) . Furthermore, the distribution of age, subtypes of ASD, cognitive ability and gender were similar to findings from international epidemiological studies (CDC 2012). Among those who returned surveys (18 % of the total membership), 10 book prizes of 50 Euro were allotted.
Surveys were completed by parents (n = 1,796), next of kin (n = 86) or individuals with ASD themselves (n = 202). Eight percent of surveys (n = 191) was excluded from the analyses due to missing information on diagnoses, date of birth, or age of diagnosis. No differences were found between the excluded participants and the rest of the sample in terms of sex, but excluded participants were more likely to have intellectual disability (p \ .001). Characteristics of the remaining 2,084 participants are presented in Table 1 .
Survey
The survey was developed by the Dutch National Autism Association [Nederlandse Vereniging voor Autisme (NVA)] to examine the experience of individuals with autism in the Netherlands regarding diagnostic procedures, treatment, daily functioning and education. The survey included 53 questions regarding a wide range of topics, including diagnostic process, treatment, residential situation, schooling and employment.
Analysis
A series of stepwise linear regression analyses was conducted with age of diagnoses as the dependent variable. Current age was entered in the first step of the model, followed by sex in the second step, and age of first parental concern in the third step. We analysed the child and adult groups separately because of secular changes in diagnostic procedures and criteria.
Results
Based on all participants in the current sample, the average time between first signs and identification was longer for females (M = 2.3 year, SD 4.4) than males (M = 1.9 year, SD 3.5), F (1, 2,082) = 5.24, p \ .05, g 2 = .003. However, this finding is difficult to interpret, given the influence of current age on average age of diagnosis (adults versus children), with adults diagnosed an average of 12.76 years later than children (p \ .001). Because only adults had the opportunity to be diagnosed at older ages, and unequal follow up times can be problematic in this type of research (Hertz-Picciotto and Delwiche 2009), we stratified the sample into child and adult groups, and controlled for current age in the analyses on both samples.
Within the child group, children with autism were diagnosed earliest (M = 5.2, SD = 2.9), followed by children with PDD-NOS (M = 6.9, SD = 3.0) and Asperger's syndrome (M = 8.0, SD = 3.0; p \ .001). Among adults, there was no statistically significant association between diagnostic category and age of diagnosis.
In the child group, female sex was associated with a 1.8-year delay in age of diagnosis in the Asperger group, DF (1,303) = 14.67, p \ .001, R 2 = .36, f 2 = .56. No effect of sex on age of diagnosis was found in the PDD-NOS or autistic disorder groups. In the adult group, female sex was associated with a 4.3-year delay in age of diagnosis in the Autism group DF (1,163) = 5.08, p \ .05, R 2 = .53, f 2 = 1.13. There was no effect of sex on age of diagnosis in the PDD-NOS or Asperger groups (See Table 1 ). These results persisted in analyses adjusting for age of first parental concern.
The adult group showed a wide variation in age of diagnosis, with 300 participants diagnosed younger than 12 years, 142 who were diagnosed between 12 and 18 years, and 730 who were diagnosed when they were older than 18 years. However, no sex difference was found in the age of diagnoses of adults, when analysed according to whether they were diagnosed as children (0-12 years), adolescents (12-18 years) or adults ([18 years).
Conclusion
The current study confirmed that girls are identified later than boys among children with Asperger's syndrome. We found no delayed identification for girls with autistic disorder or PDD-NOS. In contrast, in the adult group, females with autistic disorder were diagnosed later than males, but no delay was found for adult females with Asperger's syndrome of PDD-NOS. The age at first parental concern did not affect these sex differences, confirming findings from the US (Giarelli et al. 2010) . Also replicated was the finding that the ASD diagnosis frequently occurred years after the age at which the symptoms generally are evident (Barbaro and Dissanayake 2009), and on average 2 years after caregivers expressed concerns. Based on all participants in the current sample, the average time between first signs and identification was slightly longer for females than males, which was particularly due to delayed identification of girls with Asperger's syndrome and women with autistic disorder.
The later diagnosis of Asperger's syndrome in girls than boys may be related to the late general timing of diagnosis Table 1 Details of the participants' age of first concern, age of ASD diagnosis, and delay between concern and diagnosis (means, SDs)
Male
Female N % Age of first concern Age of diagnosis Delay between age of first concern and diagnosis N % Age of first concern Age of diagnosis Delay between age of first concern and diagnosis Children (0-18 years; n = 1,354)
All cases 1,150 84.9 5.1 (3.0) 6.6 (3.0) 1. in Asperger's, on average at 8 years of age, 1 year later than children with PDDNOS (mean age of diagnosis of 7) and 3 years later than children with autism, who were diagnosed on average at around 5 years of age. The late timing of Asperger diagnosis is compatible with the lack of gender difference in the Fountain study, since they only included children diagnosed between 2 and 8 years old (Fountain et al. 2011) . Unfortunately, their finding of a positive impact of socioeconomic status on the age of diagnosis could not be validated in the current study since we did not have this information. The specific delayed diagnoses of girls with Asperger's syndrome could be linked with IQ. While the exact relationship of delayed diagnosis with IQ, gender and ASD needs to be addressed further (Rivet and Matson 2011b) , recent practical guidelines emphasize that both high verbal ability and female sex may cause clinicians to fail in their recognition of ASD (Baird et al. 2011) . This speaks to our current findings. In addition, girls with ASD may deviate in their presentation of social problems. For instance, a recent study showed that boys with ASD were more likely than girls to lack best friends, while girls on the other hand more often interacted with younger children (Kopp and Gillberg 2011) . Empirical findings on these gender differences in social play behaviour and other related gender differences in social and ritualistic behaviour (Holtmann et al. 2007 ) may be used to improve early detection of girls with ASD.
In the adult sample, autistic disorder was diagnosed later in females than in males. This may be related to a historical change in the diagnostic procedures. Of the adults with autistic disorder, 23 % received their diagnosis prior to 1987, compared to only 1 % of adults with Asperger's syndrome and 3 % of adults with PDD-NOS. This means that relatively more adults with autistic disorder were diagnosed according to DSM-III criteria, which were more specific than the broader criteria that were introduced with the DSM-III-R in 1987 (Volkmar et al. 1988 ). Autistic disorders may thus have been suspected in girls much less decades ago, just like Asperger's disorder is suspected less now.
In both male and female individuals, autistic disorder was generally identified at the youngest ages, followed by PDD-NOS and Asperger's syndrome. The early identification of autistic disorder in both boys and girls is beneficial to girls' chances of receiving adequate treatment in time. However, the general delay in the identification of PDD-NOS and Asperger's syndrome is still problematic. The DSM-5 (www.dsm5.org) will likely integrate PDD-NOS and Asperger's syndrome into one Autism Spectrum Disorder. While using a single spectrum that reflects the severity of pathology may still give rise to gender disparities, the subsequent development of dimensional instruments that are sensitive to female presentations of autistic symptoms may improve the diagnostic procedures (Kopp and Gillberg 2011) . Possible deviations in specific presentation of social and verbal abilities in boys and girls with ASD, as well as variations in the frequency of specific types of co morbid disorders seem important topics to consider. They may add to the explanation for the longer delay between parental concern and diagnosis in girls with Asperger's syndrome.
The current study has several limitations. Diagnostic categories were based on self or parent report. The study also relied on respondent's recall about events (such as age of first suspicion) that happened long ago, which may have affected findings, especially in the adult group. Furthermore, there were differences in the proportion of ASD subtypes in the child and adult groups. Most notably to our current findings, the proportion of females/males with Asperger' syndrome was 1/10 in the child cohort, but 1/5 in the adult cohort. While these findings can be explained by a delayed identification of Asperger's syndrome in girls, the disproportionate number of girls warrants caution for the interpretation of the current findings. Also, no information on ethnicity and socio-economic status (SES) was collected. SES (Emerson 2012 ) and ethnicity (Begeer et al. 2009 ) may influence the timeliness of ASD diagnoses. We are currently collecting longitudinal data including full background information and direct diagnostic and cognitive assessments. This will enable the replication of the current findings.
Despite these limitations, there are important implications related to the current data, which is among the largest samples collected to date (Giarelli et al. 2010) . The benefits of early identification of ASD autism have been widely recognized, mainly to increase access to early intervention and to decrease family stress (Wiggins et al. 2006; Filipek et al. 1999; Dawson 2008) . As expected, the delayed identification particularly affected girls with Asperger's syndrome. Strategies are needed to increase clinician's sensitivity to improve recognition of PDDNOS and Asperger's syndrome in females. This goal can be achieved by alerting clinicians to a possible bias against diagnosing autism in girls. The recently published recommendations from the National Institute for Health and Clinical Excellence (NICE) from the UK (Baird et al. 2011) , indeed includes the explicit recommendation that autism may be under diagnosed in girls. Furthermore, diagnostic instruments may be developed that are sensitive to ''female'' presentations of ASD. The recently developed Autism Spectrum Screening Questionnaire (ASSQ)-Revised Extended Version (ASSQ-REV; Kopp and Gillberg 2011) is an example of a parent questionnaire that may be better suitable for detecting ASD in girls, because some questionnaire items are more often endorsed in girls with ASD than in boys. Both recent examples highlight possible solutions to the currently reported delayed diagnoses of girls with Asperger's syndrome.
